DEPARTHENT OF ENERGY
FY 1996 CONGRESSIONAL BUDGET REQUEST
ENERGY SUPPLY, RESEARCH AND DEVELOPMENY

OVERVIEW

"BASIC EWERGY SCIEWCES

A

The Besic Energy Sciences (BES) program supports basic scientific research thet is crucisl to achieving the goals of the Depsrtment of Energy and
those described in the Energy Policy Act of 1992 end in the High Performance Computing Act of 1991 (Public Lauy 192-104). The main activities in
BES are to conduct energy-related research, to design, construct end operate’ necessary scientific facilities for DOE and other users, and to
support an information technology lnfrastructure for colleborative research. The research funded by the BES program utilizes the expertise of -
the national laboratories, unfversities, industry, snd basic science for other government agencies.

SCIENCE FACILITIES UTILEZATION ENMHANCEKENT: The Basic Energy Scliences request includes $60,000,000 to enhence the utilizotion of the
Department‘s fundamental science and user facilities. This investment will significantly increase research time availsble to thousands of
scientists in universities, Federal agencies, and U.S. companies. It will also leverage both Federally end privetely sponsored research,
consistent with the Administration's strategy for enhancing the U.S. Mational science investment. This increment is part of a 8100 million
science initiative to increase the utilization of the Department’s large state-of-the-art science facilities. The proposed funding increagses the
mumber of users served in FY 1996 by several thousand over FY 1995 levels, and will significantty enhance the quality of service and availebility
of facility resources to users, inctuding university and government scientists, as well as private companies who rely on unique BES fecilities
for their besic regsearch needs. The proposed funding level will also result in & more rational and efficient utilization of such high technology
fecilities, which are generally oversubscribed by factors of two to three. Research communities that will benefit from this initiative fnclude
structural biology, materiats sciences, superconductor technotogy, and medical resesrch and technology development.

The following summary highlights the Basic Energy Sciences progrem encompassed within the‘FY 1996 request':__

o The geven major user facilities would be operated at an enhanced level. The Menuel Lujan, Jr., Neutron Scattering Center (HLIESC) facility
will operate with Defense Programs providing funds for Los Alemos Heson Physics Leboratory (LAMPF).

o The 6-7 GeY Synchrotron Rediation Source will oontlme to be constructed at Argonne Netional Lsboratory (ANL).

o The Wigh Performence Computing Research Centers, st Oak Ridge National Lsboratory and Los Alamos ¥atfonal Leboratory, will both operate .
_ prototypz computational systems providing support to approximately efght grand challenge class computational energy projects and the Mational
Energy Research Supercomputer Center at Lawrence Livermore National Laboratory will begin work to trensition a prototype massively perallel
computing system into a production ehvironment.

o The overall budget for Cepital Equipment s increesed to support the high priority neede of the progrem. The budget for Gemeral Plant
_Projects is increased to support high priority ESEH activities identified in the Department's Five Year Plan. The budget for Accelerator and

Reactor Improvements end Modifications projects is incressed to include upgrades of besmline instrumentation at WSLS, HFBR, HFIR, and ALS, &nd to
provide for & new spallation target for the IPNS at ANL.

o Fum.ﬂng for the Combustion Research Facility, Phase I, -initisted in FY 1987, is requested with project comptetion scheduled for FY 1999.

o Basic Energy Sciences will have an important role in three new initiatives: the PARTHERSHIP FOR MEW GEWERATION VEHICLES (PNGY),
ENVIRONMENTAL TECHNOLOGY PARTNERSHIPS/SUSTAINABLE DEVELOPMENT, end SCIENCE FACILITIES UTILIZATION ENHANCEMERWT.

o Provides for research and development and conceptual design activities for a spatlation neutron source with the preferred alternative site
being Oak Ridge ¥ational Laboratory.
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The FY 1996 research program will esphasize SUSTAINABLE DEVELOPMENT. There is now general recognition that to achieve SUSTAINABLE DEVELOPMENT
for products and processes for the future, protection of health and the environment will have to be incorporated from the beginning. In FY 1996,
Basic Energy Sciences will start a new thrust in basic research to underpin development of new processes and products that take into account the
complete lifecycle of things we make. Included will be basic research supporting the dévelopment of advanced batteries with tong lives end less
polluting materfals; near-net-shape casting of metals and isostatic pressing of ceramics to eliminate grinding to size and thereby minimize the
amount of hazardous waste particulate matter, catalysts for processes to improve the efficaency of fuels production and reductions in the '
emissions of pollutants from utilization; improved separation of wastes and their conversion into useful products; envirormentally compatible
bicsynthetic components and processes; manufacturlng processes with real-time automated momtoring, control and replacement systems; and {mproved
geophysical characterization to better mderstand subsurface structure and fluids in reservoirs to guide exploration and predict contaminant
flow.

Results from BES sponsored besic research become an integral part of the information base that mderpins the Nation's energy technology
development. The BES program strengthens the Nation's science and engineering foundation by training future scientists and providing improved
envirormental quality, better health and quatity of life, economic competitiveness through the transfer of information and technology, energy
self-sufficiency, and national security. The BES progrem is also at the forefront in the development of computational science as a new paradigm
of research, complementing theory and experimentation. The research in the BES program is grouped into six major subprogram areas: Materiats
Sciences, Chemical Sciences, Engineering and Geosciences, Advanced Energy Projects, Energy Biosciences, and Applied Mathematical Sciences.

" Much of the research sponsored by the BES program is driven by information needs that limit existing energy technologies. The link between basic
research and applications, however, is typically not confined to any single energy or technological problem, but has applications to a mwber of
technologies. For example, a new or improved heat transfer device may be applied to fossil, nuclear, solar or geothermsl energy systems.
Advances in high temperature superconducting materials also may be applied to a number of energy technologies, such as more efficient motors,
generators, power trarsmission iines and transportation systems. These improvements will have tremendous economic end energy savings. Each of
the subprograms in 8ES support research projects with similarly broad applicstions across a range of energy technologies. Whether attempting to
burn coat cleeaner or more cheaply, or to find ways to reduce the overall volume or hazards from wastes, nuclear or non-nuclear, solutions will
ultimately depend on advences in basic research and the applications of those advances to energy technologies. The BES research program annually
supports epprorimately 1,400 individual research projects at over 200 separate institutions, with direct support for over 4,000 investigators and
2,300 graduate students in the physical, biological, and mathematical sciences. These projects are selected on the basis of scientific
excellence using peer review procedures, relevance to support of the DOE Strategic Plan, and their contribution to the goals of the Energy Policy
Act of 1992,

Research (s supported at national laboratories, universities and other institutions. Approximately one-fourth of BES funding supports )
university-besed research directly. The list of universities receiving support covers almost every state and includes participation by both
large and small institutionas., ALl BES funded programs are.rigorously peer-reviewed on @ periodic basis. - BES sboratory progrems generally must
minimally exploit one of three criteris: (1) complementary basic and applied research being supported at the same institution so as to meximize
the likelfhood of technology transfer; (2) multidisciplinary team expertise not ordinarily available within a university; or (3) the use of a
large on-site National user facility. BES university grants tend to be oriented towards the training of young professionals for scientific and
technological careers, and to be involved with forefront, cutting edge research. The facility component supports the operation of seven major
user facilities. In eddition, the FY 1996 facility request provides for the continuation of construction of en advenced x-ray rediation light
source, the 6-7 GeV Synchrotron Radiation Source, at ANL. All activities related to the Advanced Neutron Source appear in a separate budget.

- In addition to universities and national lsboratories, BES supports research in and maintains ties with industry. Representatives from different
industries serve on the BES Advisory Committee; experts from industry participate in the review of research proposals snd use the specialized
facilities sponsored by BES; industrial scientists participate in program advisory committees at the hational laboratories; industry
representatives are invited to attend BES conferences and workshops on special topics; and BES research programs are involved in over 500
cotlaborations with industries, including the automobile companies, energy companies, pharmaceutical companies, electronic companies, etc.

The BES program operates unique facilities that are available to a wide array of user groups. These major facilities account for a_signlficant
smount gf the BES budget requirement. In general, facility costs have risen by an amount greater than the cost of living. These higher costs
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can be attributed to higher utility costs, safety req:irements, end higher user demands, es well as the cost of cutting-edge equipment. At the
gseven major user facilities funded by the BES program, the mumber of users is over 4, 000 from industry, escaedemis and federal lsboratories in

FY 1995, TtThese fecilities are the High Flux Beam Resctor (HFBR) end the Hational Synchrotron Light Source (NSLS) at Brookhaven Nationsl )
Laboratory, the Corbustion Research Facility (CRF) at Sandia Hational Leboratories, Livermore, the High Flux Isotope Resctor (KFIR) end the
Radiochemical Engineering Development Center (REDC) at Oak Ridge Mational Laboratory, the Stanford Synchrotron Radiation Leboratory (SSRL) at the
Stanford Linear Accelerator Center, the Intense Pulsed Neutron SOurce (IPNS) at Argonne National Leboratory end the Advanced Light Source (ALS)
at Lewrence Berkeley Laboratory. :

These BES facilities mppor'_:.research conducted by 8 mumber of top U.S. universl'tles end U.S. corporntlom (e.g., 184, ATRT, Exxnon, GH). These
users sponsor major research teams in areas such as catalysis, electronics, polymers, and biomedicine. Results from these research efforts, .
including user facility based research funded in the Biological and Environmental Research program, are important not only to those institutions,
but also to the Department. At the neutron sources, major compsnies and universities are doing research in structural biology end in
superconductivity; research is also supported that evaluates rediative effects on materials important to fission, fusion, end rediocactive waste
technology. At the HFIR, important and unique isotopes are produced for scientific, medical and industrial use.

_ In order to mske further progress in certain fields, more advenced facilities are required. One facility has been identified by the scientific
community as being the most critical to the future needs of the Department's Basic Energy Sciences program: the 6-7 GeY Synchrotron Rediation
Source, currently -being constructed at the Argonne National Leboratory. . -

BES hes as {ts princlpal goals:

o Focus of the research effort on: energy related activities identified in the DOE Strategic Plan uith emphasis on the Sclience and Techmlogy,
Industrial Competitiveness, and Energy Resources business lines; and the Energy Policy Act of 1992; and on a mltidlsclpl!r\ary approach with
participation of several subprogrems, as appropriate.

~

- o Completion of advanced scientific facilities for the Nation and safe end productive operation of the BES facilities. )
o Demonstration of energy-related naticnal challenge applicatim in enorgy demsnd menagement for the Mationatl Information lnfrastrdcture.
o Enhance the balanced approach to BES sctivities between research and facilitieo through growuth in both aress where opportunities exist.

o - Enhancement of msth and science education - the BES progrem provides support for asbout 2,300 graduate students and 2,000 ecedmic professors
and post-doctorel researchers.

o Promote infomtion and technology trensfer.

The Department has developed performance meesures for the results of its basic research activities. General performance measures of program
outputs for basic research include such metrics as the murber of scientists supported, the mnumber of students earning edvenced degrees, the
rmunber of scientific publications in peer-reviewed journals, the number of awards from professional organizations, end the mmber of citations in
scientific publications. Metrics for the trensfer of new knouledge to a technology application include the number of cooperstive agreements with
industry, the mumber of projects resulting in support from a DOE Energy Technology program, the number of invention records and patents, and the
mumber of industry users at the major scientific user facilities. For construction projects, metrics can include costs and schedule milestones

" completed against epproved project baselines. These performance measures are easily tabulated, commonly used, and begin to provide a framework
for evaluating program efficiency. However, the most descriptive indicators in this ares are qualitative rather than quantitative measures. In
order to measure outcomes, or progrem effectiveness, the impact of the research outputs must be assessed in terms of the quality of the new
knowledge gained, its usefulness to technology development, and its longer-term benefit to society. Although there are {imited and expensive
methods for evaluating the quality of science through peer-review metrics, no metric exists that can.accurately measure science's impact on
technology end society. The extent of industrial interest is a measure of the value of the research. BES has been involved in over 500
collaborations with industry. These collaborations extend over all sectors of the economy.



Activity

Operating Expenses

Materials Sciences
Chemical Sciences
Engineering and Geosciences
Advanced Energy Projects
Energy Biosclences

------------

-----------

FY 1996 CONGRESSIONAL BUDGET REQUEST

DEPARTMENT OF ENERGY

ENERGY SUPPLY, RESEARCH AND DEVELOPMENT
[(Tabular dollars in thousands. Narrative in whole dollars.)

--------------------

--------------------

-------------------

Applied Mathematical Sciences.............

Program Direction
Subtotal Operating Expenses............. '
Capital Equipment
Construction
Subtotal Program

Adjustment

----------------------

'

-------------

--------------

...................
....................
....................
............................................

Total Program

.....................

LEAD TABLE
Basic Energy Sciences
FY 1994 FY 1995 FY 1995 FY 1995 FY 1996
Adjusted Appropriation Adjustment - Adjusted Request
$259,569 $275,721 -$3,402 $272,319 $348,297
158,879 163,513 -3,935 159,578 181,565
35,537 36,837 -992 35,845 39,953
10,697 11,085 -274 10,811 12,026
25,464 28,957 -1,021 127,936 29,534
99,051 109,367 -1,251 108,116 108,688
9,120 9,900 0 9,900 10,000
598,317 635,380 -10,875 624,505 - 730,063
- 43,544 41,537 -2,481 39,056 . 56,973
115,942 70,379 0 70,379 24,383
$757,803 $747,296 .-$13,356 $733,940 $811,419
-14,213 a/ -8,839 0 -8,839 0
$743,590 b/ $738,457 $725,101 $811,419

a/ Share of Energy Supply, Research and Develobment general reduction for use of prior year balances assigned to this program.
The total general reduction is applied at the appropriation level.
b/ Excludes $8,784,000 which has been transferred to the SBIR program and $293,000 which has been transferred

to the STTR program.
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FY 1994 FY 1995 FY 1995 FY 1995 FY 1996
Adjusted Appropriation Adjustment " Adjusted Request
Summary . -

: Operating Expenses.......... OO evrerersesnnend $585,104 $631,200 -$10,875 $620,325 $730,063
Capital EQuipment............ccoviciiininreeiinieneennen, 42,544 40,678 -2,481 4 38,197 ' 56,973
CONSHTUCHON. ....cveerereerersivenrenaeseesennes e ‘ 115,942 - 66,579 0 . 66579 . 24,383
LI TE: U a0 [ Ty | U $743,590 $738,457 -$13,356 $725,101 ' $811,419
Staffing (FTESs) _ -

Headquarters......... O n . 77 0 : 77 - 78
Field........ Heereer ettt beb e erer s ses st srebenans _ 5 7 0 7 7
Total.......ccveureeen erreerarrareeteerenratisesesarararasen 76 84 c/ 0 O 84 - 85

¢/ Revised request.

" Authorization: Section 209, P.L. 95-91, *Department of Energy Organization Act”
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~ DEPARTMENT OF ENERGY
- FY 1996 CONGRESSIONAL BUDGET REQUEST
ENERGY SUPPLY, RESEARCH AND DEVELOPMENT
(dollars in thousands)

_ SUMMARY OF CHANGES

Basic Energy Sciences

FY 1995 Appropriation....;.;...J...~ ...... eeeeeeseas .;...Q;..;...i ...... ,.......;, ....... Ceeeeei s

- Adjustment.............. }.........................o.....,....; ............. e,
FY 1995 AdJusted...........cvvnernnnnnn. e e

Operating Expenses

Increased funoing is pro?ided for the 6-7 GeV to continue advanced commissioning .of the

© storage ring, the insertion devices and several beamlines leading to the initial operatino
phase of this facility...coiiiiiiiiiiiiiiiiiiiiiiiiiiiieiriescasrocseocssoecnstoccsonansans '

Enhances operation of major user facilities (HFBR, HFIR, REﬂc; NSLS, CRF, IPNS, SSRL, ALS)..

The Manuel Lujan, Jr., Neutron Scattering Center operations will be restored. It is
assumed that DOE Defense Programs will provide funds for LAMPF operations...ccceveeenen.. .

Continues support for the High Performance Computing and Communications program, incﬂuding :

support of the National Information Infrastructure (NII) program. This budget reflects a
one year shift of $2,000,000 from operating expenses to capital equ1pment to support the
acquisition -of a d1sk/arch1va1 mass storage system at NERSC...............oociiiiiione,

Provides for research and development and conceptual design activities for a spallation

‘neutron source with Oak Ridge National Laboratory as the preferred alternative site.......

Increased support for research and instrumentation at major user facilities....... e

Support research relat1ng to a new initiative on the PARTNERSHIP FOR NEW GENERATION

VEHICLES.... ..., I

"~ Program Direction funds provided for support of staff needed to monitor and ménage program...

$ 747,296

- 13,35

"¢ 733,940
+ 17,620
+ 29,739
+ 6,970
- 2,428
+ 8,000
+ 13,557
+ 100
+ 8,000



Support research re1at1ng to ENVIRONMENTAL TECHNOLOGY PARTNERSHIPS/ SUSTAINABLE

DEVELOPMENT........ouuenn... e v IR et Ceveereeten
Capital- Equipment
- Increased equipment funding associated with the 6-7 GeV Synchrotron Radiation Source
‘construction project is provided, as detailed in the construction project data sheet......
- Conttnues equipment needs associated with the High Performance Computingtand'
Communications activities. This budget reflects a one year shift of $2,000,000 from
operating expenses to capital equipment to support the acquisition of a d1sk/archvva1 mass
storage system at NERSC...........c.ciiiiiiiiiiiiiiiiiiiiiiiiiiiiiiail tiesetstsienanan
- Additiona] beamlines will be provided at NSLS, SSRL, ALS, HFBR and HFIR to meet the -
growing demand for x-rays and neutrons. Enhancements w1ll be prOV1ded to the Ames
Materials Preparation Center, the I11inois Center for Microanalysis of Materials, the
ORNL shared .instrumentation program, and electron microscopy centers at LBL and LLNL.
Additional funds are also provided for peripheral and test equipment to support the
operation of NERSC..................................f ......... TP P PP PR R TR -
- Increased equipment funding associated with research in the following subprograms:
~ Materials Sciences, Chemical Sciences, Engineering and Geosciences, Advanced Energy
- Projects, and Energy Blosc1ences...i.; ................................................ e
" Construction
- _Complete.construction of the 6-7 GeV Synchrotron Radiation SOUrCE.........veeeseeeeeeenn..
- Increased funding for Accelerator and Reactor Improvements arid Modifications projects
to include upgrades of beamline instrumentation at NSLS, HFBR, HFIR, and ALS, and to
provide for a new spallation target for the IPNS at ANL......................, ............
- Increased funding for General Plant Projects to address the high prtorlty needs of the
‘ program and to address high pr1or1ty ES&H activities as identified in the Department’s
Five Year Plan. o i i S teeresenersesesanas
- Provides funding for the Combustton Research Facility, Phase II, 1n1t1ated in FY 1987,
with project completion scheduled for FY 1999...........cciiiiiiiiieaain, eecaeeiaans -
FY 1996 Congressional Budget Request......... e ,.....gb..,-...........,..;; ................ ..

1

24,000

LA

o+

+

e 4+ TIS

oo+ 11,303

+

... - 55,193

+

5,383

...+ 1,814

... 2,000

ces 811.419

3,358

2,481 .
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, . DEPARTHEMNY OF ENERGY
. FY 1996 CONGRESSIOMAL BUDGET REQUEST
ENERGY SUPPLY, RESEARCH AND DEVELOPMENT
(dollars in thousands).

KEY ACTIVITY SUMMARY
BASIC EMERGY SCIENCES
Preface: HWeterfals .Sciences

The Materials Sclences subprogram sl.upports fundamental scientific research into materfsls and their properties, ond national user fecilities that
ensble experiments to examine these materials. It creates knowledge necessary for removing scientific and technological barrfers. Every
technology is materials-limited and new materials cen lead to new energy, sutomotive and envirommental technologies snd markets. The Materials
Sciences subpfogram eddresses the materials needs for making the generation, conversion and conservation of energy more efficient, cost
effective, safe, reliasble, and enviromnmentally acceptable.

.

- Hateriols Science is an ensbling technology. The performance perametem, economics, envirommentat acceptabllny and safety of all emrgy

generetion, conversion, transmission, end congservation technologies ere limited by tNe performance of materisls. This performance stotement also
pertains to sutomotive technologies, the safe and relisble transport, contairment and storage of hazardous substsnces end the minimization of
weates in the synthesis end processing of commercial materfals. Research in Waterials Sciences is concerned with cptimizing the behavior and
performence of materials in these technologies. This research seeks to understand the synergistic relationship smong the synthesis, processing,
otructure, properties, end behavior of a diverse range of materials in order to discover new technological cepabilities. The subprogrem supports
efforts to find the optimel paremeters for producing materiats end wccurately predicting their performance under conditions that uil{ ensble
lwprovemems in industrial technologies.

The basic research uupported by the Materials Sciences mﬁ:program seeks to understend the synerglstlc relmtiomhlp betuween synthesis, pv-ocecslng,
structure, properties of meterials and development of new materials. One goal is to develop strategic, efficient, methods for the synthesis,
processing, febrication, quality manufecture and recycling of materials for technologically important applications.

Strong efforts ere undertay ecross the entire Materfals Sciences subprogrem in areas such as high-temperature supercondurtivity, solid
electrolytes for betteries and fuel cells, corrosion resistance, mechenical behavior and failure resistance, photovoltaics, magnetic behavior,
Joining and wetding, nenostructure materials, hard and wear resistant surfaces, engineered polymers, high-rate metal forming, end non-destructive
evaluation.. A common denominator to virtually all of these activities is the ultimate objective to improve the performance of materials under
the operating conditions necessery for cost- effective performance that concurrently require increased factors of safety end minimization of
health and erwironmental risk. )

‘Research gupported by Materials Sciences has ted to 93 Cooperative Rescarch and Development Agrements;

SUSTAINABLE DEVELG"!E'IT 'activities will take into eccount the to‘tal product {ffecycle including syntﬁesln, procesging, febricatien, mmfécture,

end recycling of materials, with due consideration to waste minimization and containment, and cuality menufecture, which uill impact many
strategic industries, such g8 the sutomotive industry, where materials is a critical ensbling technology. Another SUSTAIMABLE DEVELOPKENT tbrust
is on-line non-destructive evaluation of manufacturmg processes with feed-back and instantaneous control of msnufecturing parameters to provide
total quality marwfecturing assurance. .

The Haterfels Sclences subprogram supports the operation of unique facilities that are not otheruise available to the scientific comamity which
includes the privaete industrisl sector, universities, and both DOE and other federal laboratories. In sddition to users from the materials
commmnity, other users come from a broad range of disciplines including the chemical, biological, life sciences ond geological conmmunities.
These facilities permit this broad spectrum of scientists to carry out investigations and procedures involving synchrotron radiation, neutron
scattering, and electron beam microcharacterization. As long as the results of industrial research at DOE user facilities are made availsble to
the scientific commmity snd are of interest to DOE, there is no chorge imposed on user groups for the use of these facilities. The construction



i. Materiols Sciences (Cont’d) -

. and operstion of these facilities are critical to national competitiveness. In 1993 there were 4,637 sc!entlsts (including 597 fron 8 v. 8.
companies) who conducted X-ray and neutron beem experiments st user facilities supported by the ofﬂce of Besic Energy Sciences,

The Materials Sciences subprogram plays a lead role in represeﬂting Department of Energy programs in materi{als sciences to the Nationel Science
and Technology Council's Committee on Civilian Industrial Technology (NSTC/CIT) which coordinates materials RED activities throughout the Federal
government. This lead role consists of coordinating end integrating the input from approximately twenty different Department of Energy program
offices to the NSTC/CIT. Mithin DOE, various materials science and technology programs ere coordinated through the Energy Materials Coordinating

.Commi ttee and its various topical subcommittees,

The Materisls Sciences subprogram will have en important role in two initiatives: the PARTNERSHIP FOR WEW GENERATION VEWICLES (PHGV), and

_ ENVIRONMENTAL TECHNOLOGY PARTNERSHIPS.

' Some examples of research accomplishments during the past year include the development of a new envirormentslly accept#ble lead-free solder,

development of an on-line system to prevent tearing during the forming of sheet metal, the development and commercialization of superconducting
quantum interference devices that are able to detect small flaws in aircraft parts, the development of positron diagnostics to detect invisible
weather damage in commercial polymer coatings, the development of & computer simulation technique to identify new commercisl aluminum slloys end
to design their commercial febrication process parameters, the discovery of new rare-earth based alloys which improve the efficiency of magnetic

‘refrigeration by about 30X and reduce the materials' cost by about 40X, the first complete identification of all of the major molecular forms of

I,

sulfur in coal by means of synchrotron X-ray probes, the development of an advanced method of synchrotron X-ray lithographic fsbrication of
computer chips with higher resolution and greater density than those made with conventional X-ray processing, discovery of a new and important
catalyst formed from a molybdemm-sulfur cluster in a zeolite cage, development of a Lithium thin film battery with unprecedented performance
paremeters that is now being commercialized, the development of commercisl ion beam processing technology for orthopedic materials, the
first-time production of large ingots of metallic glass, the development of s thermoacoustic refrigerator that does not use freon or any other
environmental potlutant, the development of new commercial polymer blend products by means of small-angle neutron scettering, the develcpment of
a three-dimensional simulation model for predicting the shape of a weld pool for & single-pass weld, the development of a new class of highly .
efficient semiconductor \agers, a world record high efficiency solar cell, @& significant advancement in the understending of the mechanism of
sul fur induced corrosion of steel, the solution of the brittieness problem in a newly discovered whisker reinforced structural ceremic, and
development of a new method of forming aluminum layers with strengths comparable to high strength steels.

A. Suwmery Table: Materfals Sciences
FY 1994 FY 1995 FY 1996
Program Activity Adjusted Adjusted Request $ Change
Materials Sciences Research.....ccccveevennen. $ 135,777 % 138,365 ¢ 169,571 $ 31,206
Facilities Operations...ccceeeeicerenionccnneces 123,792 133,954 178,726 44,772
“Total, Materials Sciences ° ’ . $ 259,569 $ 272,319 $ 348,297 $ 75,978
SESES===ES =SEZZESSRTDES CREDEZTEDRER p-+- -3+ 2 331343



11. 8. Leboratory end Facility Funding Table: Materials Sciences

AMES LBD L.ivceccncncccncenvnsensccnccnrsnnansrone
Argonne National Lab (Eest) ..........co0evnennen
Brookhaven National Leb ...cceeeeerecencnenncanns
Idaho National Engineering Lab .....cccvvveennen.
Lawrence Berkeley Lab ....ovcvicenncncccnncnnnes
Lewrence Livermore National Lab .....cccevuennnns
Los Alamos Natfonal Laboratory .....ceeesencenaat
Oak Ridge Watfonal Lab ...ececeenncaceioceccnanns
Pacific Northwest Leb ..cccceveceernecnnsccanness
Sandies National Laboratorfes .......cceoeveuueuny
AlL Other ...ieceieiiecencnecnccnccsconcrncsnnes

Total, Materials Sciences

111, Activity Descriptions: (New BA fn thousands of dollars)

Program Activity

------------------

HMoterials Sciences

Materials Sciences
Research

Metallurgy and Ceramics Resesrch.-
Continued effort on understanding

ESRTTSESERS

synthesis-processing- )
structure-property relationships in
ceramic superconductors. Increased
thrusts in safety and retfable
performence of materials. Continued
efforts on corrosion resistant
materials, surface modification to

fmprove friction and wear, modelling of

near-net ghape fabrication processes

for complex materials systems, welding

and joining of metallic and ceramic
materials, materials for radiation

environments, synthesis and processing

of photovoltaic materials, and high
temperature structural ceramics.

7

FY 1994 FY 1995
Adjusted Estimate
9,637 s 9,182
76,214 88,189
48,662 47,920
* 404 415
37,786 36,126
2,361 2,585
8,909 6,834
22,342 21,478
3,423 3,37%.
8,230 7,867
41,601 48,349
259,569 $ 272,319

EEECICEnScn

.......................................

Metallurgy and Ceramics Research -
Continue effort on understanding
synthesis-processing-
structure-property relationships in
ceramic superconductors. Sustain
thrusts in safety and relisble .
performance of materials. Continue
efforts on surface modification to
improve friction and wear, modelting of
near-net shape fabrication processes
for complex materials systems, welding
and joining of metallic end ceramic
materials, materials for radiation

" environments, synthesis, processing and

behavior of photovoltaic materials, and
high temperature structural ceramic
composites. Increased thrusts of
synthesis and processing of metals and
ceramics, squeous corrosion, and

high- temperature gaseous corrosion and
erosion.

Ib

FY 1996

Request $ Change
s 9,790 s 608 -
111,208 23,019
54,804 6,884

518 103

46,333 10,207
2,760 175
13,929 7,095
30,674 9,196
3,565 191
8,099 232
66,617 18,268

. $ 348,297 s 75,978
SERECEZDERSE CEEERERECEN

FY 1996

Metallurgy and Ceramics Research -
Continue effort on understanding
synergistic relationship between
‘synthesis-processing-
structure-properties, behavior,
performance and recycling of metals and
ceremics for strategic energy,
environmental, and automotive needs.
Sustain thrusts in safety and reliable
performance of materials. Contirue
efforts on surface modification to .
improve friction and wear, modelling of
near-net shape fabrication processes
for complex materials systems, welding
end joining of metallic and ceramic
materisls, materials for rediation
environments, synthesis, processing and
behavior of solar photovoltaics, and
high temperature structural ceramic
composites. Continue efforts in -
aqueous corrosion, and high temperature
gaseous corrosion end erosion.



I1f. Materisls Sclences (Cont°d):

Progrem Activity

Meterfals Sclences
Regearch (Cont'd)

Solid State Physics Research -
Continuation of high priority research
within the DOE mission especially in
neutron scattering end synchrotron
light sources. Continued efforts m the
physics of high-temperature
superconductivity, redistion effects,

- and the development of novel
cheracterization methods. Continued
efforts on the physics of surfaces and
interfaces. Enhaenced emphasis on neu
materials with energy-related
properties. Erhanced emphasis in
magnetic end photovoltaic materials.
Enhenced effort to develop beamlines
for the Advanced Light Source (ALS) and
the 6-7 GeY Synchrotron Redistion
Source (6-7 GeV).

Wo sctivity.

Solid State Physics Research -
Continuation of high priority research
uithin the DOE mission especially in
neutron scattering and synchrotron
light sources. Continued efforts in the
physics of high-temperature
superconductivity and radistion effects
at the seme level, and the development
of novel characterization methods.
Continued efforts on the physics of
surfaces and interfaces. Continued
emphasis on new materials with
energy-related properties. Continued
emphasis on thrusts in magnetic and
photovoltaic thin film materials.
Continued emphasis on besmline "

devel opment.

Ko ectivity.

FY 1996

PR L L ccescnane

Initiste effort on on-line
non-destructive evaluation monitoring
of merufacturing processes. Increased -
support for instrumentation and
research at msjor user facilities.

Solid State Physics Resesrch -
Continuation of high priority research
within the DOE mission especially in

‘neutron scattering and synchrotron

light sources. Continued efforts in
the physice of high-temperature,
superconductivity, the physics of
surfeces end interfaces, and
development of novel characterimtlon
methods. Continued emphasis on new
materials with energy-related
properties. Continued erphasis on the
development of beamlines for ALS and
the 6-7 GeY. Erhanced eophaesis in
magnetism, end megnetic, photonic and
photovoltaic materials. Increaged
support for instrumentation end
research at major user facilities.

Provides $8 million for R&D end
conceptual design activities for @
spalletion neutron source. The

‘preferred alternative site for the
- spallation source would be Oak Ridge

National Laboratory, to waximize the
use of neutren source design expertise
already developed through the
preperation of the AKS conceptual
design, and to take adventsge of the
leboratory's experience in operating
particle accelerators end conducting
neutron scattering research. The
spallation source research and
development effort will make use of the
best capabilities in the DOE
laboratories, including the Defense
Programs® Accelerator Production of
Tritiun (APT) project at Los Alamos



i1i1. Meterials Sciences (Cont'd):

Program Activity )

materiulé Sciences
Research (Cont'd)

‘Haoterials Chemistry Regearch - -
Continued emphasisc on research
inctuding synthesis and .
charecterfzation of novel orgaenic and .
fnorganic superconductors and magnetic
materials, synthetic metals, surfaces
and interfeces, polymers and materials
synthesized by biological processes.
Wew programs have been developed in the
synthesis of biomolecular materials,
novel ferromegnets, superconductors,
and synthetic metals. There was an
enhanced effort to provide beamline
support .for the ALS and 6-7 GeV.

.......................................

bnmterlalc Chémlstry Resegrch -

Continued emphasis on research
including synthesis and
characterization of nanoscale materials
based on novel cluster chemistry,
organic ferromagnets, novel
orgenic/inorganic superconductors,
synthetic metals, surfece chemistry of
interfaces, polymers and msterials
synthesized by biological processes,
Continued eaphasis on understanding
friction, lubrication, and corrosion.
Programs will be developed in the
synthesis of biomotecular materialg, -
novel ferromagnets, and synthetic
metals. Continued effort to support
besmlines at neutron and synchrotron

- light sources.

Hational Lsboratory. Without a mejor
nek neutron source or upgraded )
operation of an existing research
reactor, the United States will forego
significaent scientific, technical, and
economic benefits that derive from
neutron scattering and msterials
irredietion research and the produttion
of medical isotopes. A spalletion .
neutron source should cnable the Nation
to cerry out major research activities
in areas such as biology, materials

" science, superconductivity,

pharmaceuticals, electronic meterials,
and many other technologicel areas that
are critical for future U.S. economic
competitiveness and national security.

Haterials Chemiotry Research -
Continued emphasis on research
ihcluding synthesis, processing, and .
characterization of polymers, organic
ferromagnets, fullerene derivatives,
nanocluster materiels, organic and
inorganic superconductors. Emphasis
uill be continued in surface chemistry
including corrosion, electrochemistry,
the molecular understending snd control
of lubrication and friction, new
onides, nitrides, and sulfides,
biomolecular materials and neutren,
X-ray ,.end MR characterization of
orgenic materials. Wew ewmphasis witl
be given to polymer composites and
nenostructural materfals. Continued
beeml ine development. Increased
support for instrumentation and
research at mejor user facilities.



<iiiiil :

Materials Sciences (Cont'd):’

Program Activity

seccsccsccccrevaccss

Moterials Sclences Mo activi ty.

Research (Cont‘d)

- Mo activity.

o activity.

Ho ectivity.

13

. magnetic materials.

_FY 1996

esevcsccancscntecnasravassetrssannnaben

The PARTHERSHIP FOR NEW GENERATION
VENICLES encompasses four research
areas in Materials Sciences: Advenced
manufacturing including investigations
into the solidificetion, cesting and
welding of recyclable light-weight
alloys; high-rate plastic end:

_ super-plastic forming of Light-weight -

sheet metal; on-line control of
processing end menufecturing parameters
for total qustity manufecturing;
synthesis end processing of
Light-weight high-strength polwers,-
polymer matrix compogities, and
wear-registant light-weight structuml '
ceramics end composites. Reduction of
mechenical losgses including stress
fotigue and service lifetime in
recycleble metals, intermetallics, end
gstructurel ceremice; deformation and
fracture (crash resistance).
Light-weight materiatls including
corrosfon of recyclable light-weight
metals, metal matrix composites; high
magnetic strength energy efficient
Energy conwersion
and storage including sensors end
catalysts; solid electrolytes for
batteries and Jevelopment of

Light-weight batteries snd fuel cetls.

ENVIRONMENTAL TECHHOLOGY PARTHERSHIPS
includes two Materials Sciences
regsesrch categories: Waste
minimization in the synthesis end
processing of materisls- includes
environmentally benign synthesis routes
for polymers, ceremics and
semiconductors; near net shape forming
processes for ceramics snd metals to
minimize or eliminate grinding wastes;
and less toxic procedures and filler
materials for welding, soldering, and
brazing. Safety and reliable
containment of hazardous wastes



1. Naterlals Sciences (Cont'd)'

Program Activi ty

sresnacsucsncensn e

Haterials Sciences .
Research (Cont'd) ’

EPACT:

EPACT Section 2201
aNstional Advanced Materials
Initiative:®

The Basic Energy Sciences progrem
conducted research related to the gosls
of EPACT in the area of edvanced
materials.

INVESTHENT :

Provided funding for advanced materials
end processing activities included in
the President's FY 1994 Economic

" Investment Package.

funding in the smount of $3,870,000 and
$129,000 has been transferred to the
SBIR program and the STIR program,
respectively.

$ 135,777

'EPACT: B

EPACT Section 2201
“Hational Advanced Naterlals
Initiative:"

The Basic Energy Sciences program
conducts research related to the gosls
of EPACT in the area of advenced
materfals,

INVESTMENT :

Provides funding for continuation of
sdvenced materials end processing
sctivities included in the Presidentis

© FY 1994 Economic Investment Package.

Funding in the smount of $5,408,000 snd
$270,000 has been budgeted for the SBIR
progrem and the STTR program,

respectively.

¢ 138,365

W

includes research on fracture toughness
and crash resistance and corrosion
prevention of welded containers;
devetopment of remote, non-destructive
diagnostics for 'the detection and
analysis of trace qmntities of
hazardous substences.

EPACT:

EPACT Section 2201
"Hational Advenced Haterials
Initiative:® .

The Basic Energy Sciences progrem
conducts regearch related to the gosls
of EPACT in the area of advanced
materiats. -

IMVESTHMENT:

Provides funding .vor,ctmtimmﬁm of
edvanced waterials and processing

activities included in the President's

FY 1994 Economic Investment Psckage.

“Funding in the amount of 86,966,000 end

$522,500 hes been budgeted for the SBIR
progrem and the STTR program,
respectively.

. '$ 169,571



v

“111. Haterisls Sciences (Cont'd)s

Program Activicy

facilitien
Operations

|

FY 1994

sscecsrecasvevtnacnnnenen cesscovrmam emne

Continued support for major facilities
in the Materials Sciences subprogram
with increased funding for first full
year of operation for the Advanced
Light Source (LBL). Provided increases
needed for RRD and commissioning of
components of the 6-7 GeV Synchrotron
Radiation Source (AKL). Began workshops
end meetings leading to & conceptual
design of 2 pulsed spallation neutron
gource. {For more detail on Facilities
Operations see the Major User
Facilities section following the
Construction section.)

EPACT:

EPACT Section 2203(e)(2)(a) “Supporting
Research end Technical Analysis:"

Provided funds for operation of user
facilities to provide special
scientific end research capabilities to
serve the research needs of the
Hetion's universities, industry,
private laboratories, federal
leboratories, and others.

IHVESTMENT:

Provided funding for advenced materials
end processing activities included in
the President's FY 1994 Economic
Investment Packege.

Continues support for major facitities
in the Haterials Sciences subprogram.
Provides increases needed for R&D and
commissioning of components of the 6-7
GeY Synchrotron Radiation Source (ANL).
(For more detail on Facilities
Cperations see the Major User -
Fecilities section following the
Construction section.)

EPACY:

EPACT Section 2203(a8)(2)(a) “Supporting
Research and Technical Analysis":

Provides funds for operation of user
facilities to provide speciel

scientific and research capabilities to

gerve the research needs of the
Hetion's universities, industry,
private laboratories, Federal
laboratories, and others.

THVESTHENT: .
Provides funding for continuation of
edvanced materials snd processing

aectivities included in the President's
FY 1994 Economic Investment Package.

$ 133,954

Erhanced support for major user
facilities in the Materials Sciences
subprogrem. Provides increases needed
for final commissioning of the 6-7 GeV
Synchrotron Radiation Source (ANL). :
Restores operation of Manuet Lujan,

Jr., Neutron Scattering Center. (For
more deteil on Facilities Operations

see the Hajor User Facilities section
following the Construction.section).

- EPACY: -

EPACY Section 2203(a)(2)(a) “Supporting -

~ Research and Technical Analysis":

Provides funds for operation of user
facilities to provide special

‘scientific and research cepabilities to

gserve the research needs of the
Hation's universities, industry,
private laboratories, Federal
leboratories, end others.

INVESTHENT :

Provides funding for continuation of
advanced materials and processing
activities included in the President’s
FY 1994 Economic Investment Packege..
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_ DEPARTMENT OF ENERGY .
: ' FY 1996 CONGRESSIONAL BUDGEY REQUEST
: ENERGY SUPPLY, RESEARCH AND DEVELOPMENT
(dollars in thousands)

KEY ACTIVITY SUMMARY

BASIC ENERGY SCIENCES .

1. Prefaée: Chemical Sciences

The Chemical Sciences subprogram supports a broad range of basic research in molecular, atomic and chemical engineering scliences necessary for
fmprovements in existing energy technologies and development of new energy technologies. Major chemical sciences research efforts are important
to more efficient conversion of solar energy to fuels or electricity; improved combustion processes; better utilization of carbonaceous resources.
including natural gas, oil, coal and biomass; new and better approaches to environmental menagement; more efficient catalytic processes for-
producing fuels and chemicals; more sensitive and specific monitoring of physical and chemical processes; and the advancement of fission and
fusion concepts. The subprogrem is divided into activities which are described below. In addition, Chemical Sciences provides support. for mejor
scientific user facilities which are operated for the benefit of the entire U. S. scientific commmity. - ‘

Recent examples of research results that mey have significant technological impact may be cited. A new catalyst for the conversion of methane,
the principal component of natural gas, to methsnol, a transportable liquid fuel, has now been pilot plant tested and a demonstration plant is .
being built. Two new synthesis techniques, based on super critical fluids end reverse micelles, have been developed for producing nanophase
perticles. WNenophase particles are used to generate extremely active coal liquefaction catalysts utilized by the Office of Fossil Energy. They
hold promise for synthesis of nanometer-sized catalysts, semiconductors and non-linear optical materials. In a spin-off of research on
electron-atom scattering, a laser based technique for preparing a surface layer less than two hundred nanometers In size on s substrate using
atom optics was developed. A grating-tike pattern can be formed that is as small as the best that can be produced by current lithography
technology. A collsborative effort between industry and a national laboratory has lead to the design of two new burners which reduce emissions
of oxides of nitrogen by 85X or more. Research in combustion diagnostics led to a laser-based detection system, being developed by industry,
for integratfon with cepfilary electrophoresis and high performance liquid chromatography in analytical instrumentation for DNA sequencing.

The Chemical Sclences subprogrem will have an fmportant role in two initistives: the PARTNERSHIP FOR NEW GENERATION VEHICLES (PNGV) and the
ENVIRONMENTAL TECHNOLOGY PARTNERSHIPS.

1. A. Summery Tible: Chemical Sciences

) FY 1996 FY 1995 FY 1996 A :
Program Activity o Adjusted Adjusted Request - - '$ Change
Chemical Sciences Research.....cccceveeeecnccanes $ 104,083 $ 105,821 ¢ 118,251 12,430
Facilities Operations.......c...... ceacesassens vee 54,796 53,757 63,314 } 9,557
Total, Chemicat Sciences - ’ '$ 158,879 $ 159,578 $ 181,565 $ 21,987
=S====S==S===== ==SwIsssosns 1+ +—$-+-+ 334 sEEZ=SSSREEs
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1i. 8; Leboratory and Fecility Funding Teble: Chemical Sciences

‘Argorme Hationsl Lab C(EESE) .e.ceerervennccencnan

Brookhaven Hational Leb ...cccvevveecrannnnnnnae

Idaho National Engineering Leb ....ccevvnveennnn.
“Leurence Berkeley Leb ....cccceeveioccnnnnannenes
Los Alemos Wational Laboratory ......ccoecvvenene
Osk Ridge National Leb ....c.ccvcvveconccncenanee
Pacific Northwest Leb ...ccceceecenrececnnceccanne
Sandia Netional Leboratories ......ceovcevevven..
ALL Other .ccvieecevenccrcocsoscocscsncovessnacns

Totel, Chemical Sciences

I11. Activity 6escriptlom: (New BA in thousanda of dollers)

Program Activity

Chemical Sciences

Chemtical- Scfencen -
Research

photochenistry Research - Research
continued to focus on solvent dynsmics,
electron transfer, and short-lived
phenomena. Progress in these technical

_areas is necessary for more efficient

conversion of solar energy into other
ugseful energy forms. Also necessary to
echieve these long term goals is
planned research on dye-sensitized

- semiconductor photoelectrodes,

heterogeneous photocatalysis, and new
orgenometallic precursors for

- electronic materials.

. EREZIRTEI=Sn=

FY 1994 FY 1995

Adjusted " Estimate
¢ 3,79 $ 3,539
15,978 15,561
17,163 16,784
306 306
8,676 7,435
1,00% M
43,610 41,696
6,392 6,392
7,823 7,130
56,334 59,964
$ 158,879 $ 159,578
gz s=s2

---------------------------------------

Photochemfstry Research - Support for

regearch that will enhance motecular
level understanding related to solar

photochemical energy conversion uill be
Increased emphasis witl be

maintained.
pleced upon novel semiconductor
structures as well as organic
semiconducting and electrically
conducting polymers of import to solar
photochemical energy conversion.

7

FY 1996 .
Request $ Change
3 3,539 $ 0
15,561 0

18,140 1,356

306 0

7,761 - 326

o7t o

45,807 6,311
6,392 0
7,876 746
75,212 15,248

$ 181,565 $ 21,987
SETZsSRE=n - EpxEmsss==Ss

photochemiatry Research - The primary
goal of the photochemistry program is
to support basic research that will
leed to improved devices for the
conversion of soler radient energy into
electricity or fuels. . Areas of .
research emphasis that contribute to
this goal include the study of hou
natural systems, such as plents, )
convert solar radient energy into high
energy content materiels snd chemicals,
snd the charecteristics of novel
photovol taic systems that sre capsble
of converting rediant solar energy into
electricity uith reasonsble efficiency.
The results from this area of research
are directly tied to development of
sustainable technologies based on solar
"and renewable energy sources. The
radiation sciences research progrem has -
and continues to be invaluable for
understanding how and what is occurring
in complex rediation environments (ike



111, Chemical Sciences (Cont'd):

Progrem Activity

Chemical Sciences
Regearch (Cont'd)

: éhqiical Physics - Critical to the

Energy Policy Act of 1992 is an
understanding, on the molecular level,
of combustion processes. Funding ’
levels permitted high priority progrems

. in chemical dynamics and kinetics of

simple reactions including the reaction
dynamics of hot molecules and surface
corbustion. chemistry to continue., The
CRF continued as 8 major site devoted
to a broad program in combustion
related chemical physics. Cluster
research, a heu ares of molecular
science, contimued because it had
potential for improved understanding of
catalysis and the behavior of
mater{als. Interection with the
technology programs related to
combustion and environmental
restoration was continued.

‘Chemical F;hysics - The majority of the

nation’s energy arises from combustion
and research related to combustion
continues as a high priority program
within the Chemical Sciences’
subprogram. Research related to -
chemical dynamics and kinetics of
simple reactions of combustion interest
will continue. with high priority.
Research of lower priority will be
reduced in favor of combustion related
work so as to maintain the strength and
visbility of the DOE combustion
research effort. Emphasis will be
pleced on theoretical and experimentel
characterization of clusters, a unique
form of matter, ss & function of their
composition, size, structure, and
bonding.

19

those encountered in waste tanks at
Hanford end eisewhere. In general,
this research has and will continue to
lead to better ways to predict the
hesith end envirormental effects of
fonizing radiation. Increased support
for instrumentation end research at -
major user facilities.

Chenlcal Physics - Chemical physics -
research wilt focus on combustion and
catalysis related resesrch. Combustion
processes sccount for about ninety
percent of the energy generated todey. -
In order to reduce the envirormental
effects of combustion processes they
must be made more efficient, less
polluting, end therefore, more
sustaineble. Catalysts are essential
to improving the selectivity aend
efficiency of a vhole host of processes .
for energy conversion and storage .
fncluding the production of high energy

_content materials such a3 gasoline and

other fuels. Resesrch uill focus on
developing & better understanding of
the chemistry of catelytic systems.
Discovery of new cetalysts may

" determine if existing processes are

sustainable and enable development of

‘sustainable methods for utilizing

existing resources. Increased support
for instrumentation and research at
major user facilities.



111. Chemical Sciences (Cont'd);

Program Activity

...................

Chemical ‘Sciences
Research (Cont‘d)

Atomic Physics - The budget request was
consistent with the report on "future
Research Opportunities in Atomic,
Molecular, and Optical Physics" and the
program provided support for efforts
consonant with those areas listed.
Specifically, approaches to the study
of high energy density systems and

energy-loss processes were emphasized.

Experimental end theoreticsl efforts in
multi-electron excitation and
ionization improved understanding of
the fusion process, light-matter
interactions, ‘and collision phenomena.
Programs in atomic and plasma physics
for advanced energy concepts related to

many industrial and consumer needs were -

included. The pilasma physics activity
‘was coordinated with Energy Research's
Fusion Energy progrem. An area of

.. enphasis was on accurate

cheracterization of chemical procesges
taking plece in ptasmas including
surfece phencmens ard intersctions

. between complex species found in

plasmas.

Chemical Energy - The catalysis
research included work on oxide and
photoelectric catalysis, modification
of shape selective oxide catalysts, and
work to extend the conversion of
paraffinic hydrocarbons to chemicals
with significant energy efficiency,"
which included work with renewable
feedstocks, - This activity was
coordinated with other more applied
catalysis programs in DOE through
ohgoing discussions.

Atomic Physics - Research consistent
with the report "Future Research
Opportunities in Atomic, Molecular, and
Optical Physics® will be maintained. A
new emphasis will be in the ares of
low-temperature plasma physics which

- have the potential of significant

impact on materials processing.

Chemical Energy - All progrem elements
will continue, Synthetic and
mechanistic chemistry of novel
inorganic and organometallic precursors
to advanced materials, which are
important to new cersmics, catalysts, -
semiconductors and other
technologically important materials,
will be enhanced. In addition,
nanoscale synthesis of particles
(quantum dots) and surface clusters,
which may lead to new photovoltaic
materials and new catalysts for the
control of reactions important to
alternative fuels and industrial
chemicals, will be undertaken.

19

Atomic Physfics - Physics research on
plasmag and energetic species
associated with plasmas, including
highty ionized heavy atoms, important
to the advancement of fusion concepts
witl be emphasized. Incressed support
for instrumentation end research at
major user facilities.

Chemical Energy - The two main efforts
under this program sre the catalysis
related research progrem and chemistry
important to development of better ways
to utilize carbonaceous resources such
as natural gas, oil, coal and biomass.
Research {n catalysis is carried out on
homogeneous and heterogeneous systems.
As with the chemical physics progrem,
this research seeks to better
understand the effect of metals that-
are the basis for most catalysts that
are commercially important. Increased
support for instrumentation and
research at major user facilities.
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111. Chemical Sciences (Com'd):

Progrem Activity

evrecncsmanan sennasee

Chemical Engineering - In chemical
engineering sciences, research on
combustion related turbulence end phase
equilibria of complex mixtures,
experimental end theoretical, and )
. physically based predictive models was
protected.  The basic research progrem
on advenced batteries was expanded to
inctude research on aspects of fuel
cells. This research was coordinated
with other appropriate epplied program
elements in DCE.

Chemical Sciences
Research (Cont'd)

.

Analyticel Chemistry - Actinide
separstions research needed to underpin
the development of new processes for
dealing with envirommental and
hazerdous uwestes continued.
Biotechnology related snalytical
research on macromolecules was

" protected. . :

FY 1995

®eoncscnsavnsesacannssesnnn seccscecevns

Chemical Engineering - In chemical
engineering sciences, research on the
theoretical modeling of phase
equilibria end thermophysical
properties related to efficient
processing will be strengthened,
including modeling of turbulent flemes
related to reduction of environment
pollutants in combustion processes,
The edvanced battery research program
uill continue at the FY 1994 level.

. Analytical Chemistry - The chemical

properties and structure of interfaces,
as determined by laser eblatioq, atomic
force microscopy end molecular imaging
of ceramic and other inorganic

materfals, importent to the development
of neu and improved snalytical methods

. and separation techniques uill be

emphasized.

FY 1996

sevsacecssse Sececsscsescencanssconetann

Chemical Engineering - Research in this
area seeks to provide better and more
physically reelistic models for
predicting the thermophysical
properties end physical equilibrium of
complex fluid mixtures end properties
of turbulent corbustion systems. The
edvanced battery research activity
supported under this progrem is on
batteries. for non-sutomotive
applications. It is well coordinated
with the much larger end more epplied
effort supported by the Office of
Energy Efficiency end Renewable Energy
through the Advenced Battery
Consortium. Increased support for .
instrumentation end regsearch at major
user facilities. ‘

Anatytical Chemigtry - This pregrém is
perticulerly important to processes
being developed for remediation of -
contaminated envircrmental systems end
waste. Eophesis in separations science
will be on more efficient separations
processes based on gelective membranes
snd design of molecular systems for
species-specific separations.
Analyticel chemistry research uill
focus on enalyticel setheds that are
more. sensitive and species specific.
The interaction between the separations
science research progrem end DOE's
Environmental Restoration and Wagte
Management Efficient Sepsrations
Program is one example of the
importance of this progrem to
envirommental management progrems.
Just as improvements in meny existing
processes owe their development to
innovations made possible by research
results from this program, SUSTAINABLE
DEVELOPHENT will depend in key ways on
this progrem. Increased support for



.Progrem Activity

Chemical Sci ences
Research (Cont'd)

Chemical Scionces (Cont'd):

Hleavy Element Chemistry - Emphasis was
on solid state heavy element chemistry
related to superconducting materials,
envirormental and hazardous waste
related activities and lanthanide
chemistry, .

flo ectivity.

.......................................

Heavy Element .Chemistry - In the heavy
element chemistry program, the study of
the effect of f-electrons in
superconducting meterials, including
the effects of magnetic fields on
superconducting electrons, important to.
understanding superconductivity in
ectinide end lanthanide mixed metal
oxides witl be enhanced as will
research on actinide chemistry in near
neutral solutions since it is important
to improved understanding of actinide
transport under environmentsl
conditions. -

tio activity.

21

fnstrumentation and resea}ch &t rmojor
user facilities, =

Heavy Element Chemistry - Research witl
focus on development of better ways to
deal with rediosctive materfals with
emphasis on understending the chemical
behavior end migration of actinide
elements under envircnmental conditions
and discovering better ways to remove
them from contaminated environmental
sites or radioactive wastes. Increased
support for instrumentation and
research at major user facilities,

PARTHERSHNIP FOR HEW GENERATVION VEHICLES
(PHGY) - A major goal of the PNGY {8
the design of new internat combustion
engines with improved efficiencies end
reduced emissions. This requires
better combustion moedels. The main
stumbling block is coupling combustion
chenistry with fluid dynamics.
Experimental and theoretical research
in chemical physics on mechanisms and
dynamicas of combustion reections .
coupled uith research on turbulent
combustion gystems under chemical
engineering sciences will addresg this
need. In sddition, catalysis research
aimed at improving the removal of .
onides of nitrogen from the exhsust of
tean burn engines will be carried out

under the chemical energy program.



i1, Chemical Sciences (Cont'd):

Program Activity

....................

Chemical Sciences
Research (Cont'd)

Mo sctivity.

INVESTHENT:

v

Prtwldéd funding for advenced materials.

end processing ectivities included in
the President's FY 1994 Economic
Investment Peckage. .

Funding in the amount of $2,374,000 and
879,000 has been transferred to the
SBIR program and the STTR program,
respectively. . )

$ 104,083

No- activity.

INVESTHENT:

Provides funding for continuation of
advanced materials end processing
activities included in the President's
FY 1994 Economic Investment Package.

funding in the amount of $3,149,000 and
$157,500 has been budgeted for the SBIR

program and the STIR program,
respectively.

$ 105,821

22

ENVIRONMENTAL TECHNOLOGY PARTMERSHIPS -
Research to be carried out under the.
ENVIRONMENTAL TECHNOLOGY PARTHERSHIPS
uill be related to techrnologies in the
arecas of avoidance or prevention,
remediation eand monitoring and
assessment. Research {n solsr
photoconversion will underpin
development of more practicel devices.
The research on sdvenced batteries for
non-automotive epplications is.closely
related to both thig effort and fuel
cells related research. All contribute.
to technologies thet would avoid
production of envirommentelly hazardous
substances. Catalysis research is
broadly applicsble to both avoidance
and remediation technologies. . It will
impact energy intensive industries, '
particulsrly petroleum refining end
chemical and allied products.
Separations and actinide chemistry ere
essential to development of remediation
technologies for remediation of
redioactive wastes. Research in
analytical chemistry has and witl -
continue to result in novel
technotogies for monitoring and
assessment.

INVESTHENT:

Provides funding for continuation of
advenced materials end processing
activities included in the President's
FY 1994 Economic lnwestment Packege.

funding in the amount of 33,631,000 and
$272,000 has been budgeted for the SBIR
program and the STTR program,

respectively.

$ 118,251



Program Activity

....................

facilities
Operations

Chemical Sclences (Cont'd):

Support was provided to msjor user
facilities which_are availsble to the
entire scientific community. The
fecilities continued to operate at the
level set in FY 1993 adjusted for
inflation. Improvements in safety,
management, end operations at the
facilities were continued. Increasing
requirements in quality assurance and

. conduct of operations were addressed to

the extent possible. (For more detail
on Facilities Cperations see the Major

. User Fecilities section following the

Construction section).
EPACT:

EPACY Sectfon 2203(a)(2(a) “Supporting
Research end Technical Analysis®:

Provided funds for operation of user
fecilities to provide special
scientific and research capabilities to
gerve the research needs of the
Hatfon's unfversities, industry,
privete laboratories, Federal
laboratories, and others.

INVESTIENT:

Provided funding for advanced materials
and processing activities included in
the President's FY 1994 Economic.
Investment Package.

Support fs provided to mmjor user
facilities which are available to the
entire scientific community. The
facilities will continue to operate at
epproximately the level set in.FY 1994,

Improvements in safety, management, and

operations at the facilities will be
continued. Increasing requirements in
qusl ity assurance and conduct of
operations will be addressed to the
extent possible.” (For more detail on
Facilities Operations see the Major
User Facilities section fotlowing the
Construction section). )

EPACT:

EPACT Section 2203(a)(2)(a) "Supporting
Research and Technical Analysis®:

Provides funds for operation of user
facilities to provide special
scientific and research cspabilities to
gserve the research needs of the
Matfon's universities, industry,
private laboratories, Federal
laboratories, and others.

IHVESTMENT :

Provides funding for continuation of
edvanced materials and processing
activities included in the President's
FY 1994 Economic Investment Package.

Enhanced support is provided to major |
user facilities which are available to
the entire scientific community.
Improvements in safety, management, and
operations at the facilities will be
continued. . Increasing requirements in
quality assurance and conduct of
operations will be gddressed to the
extent possible. (For more detail on
Facilities Operations see the Major
User Facilities section following the

Construction section).

EPACT:

.

EPACT Section 2203(8)(2)(a) “Supporting

Research and Technical Analysis®:

Provides funds for cperation of user

facilities to provide special

scientific end research capebilities to

serve the research needs of the

Nation's universities, industry, .

private laboratories, Federal . ,
laboratories, and others.

THVESTMENT:

Provides funding for continuation of
advenced materials and processing
activities included in the Pregident's
FY 1994 Economic Investment.Package.
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DEPARTMENTY OF EMERGY
FY 1996 CONGRESSIONAL BUDGET REQUESY '
ENERGY SUPPLY, RESEARCH AND DEVELOPMENT A . b
(dollars in thousands)

KEY ACTIVITY SUMMARY
v . BASIC ENERGY SCIEWCES
‘Preface: Englneering end Geosclences

This subprogrem {s responsible for the support of DOE's pr!ncipul strategic research ectivities in the engineering end geosclences disctplines at
DOE laboratorice and the Hetion's ecademic institutions which support the full spectrum of DOE missions. The research contributes to the
scientific underpimning for the technology pipeline leeding to SUSTAINABLE DEVELOPMENT. The areas of particular concern are: pollution N
avoidence, control, end remedistion; increased energy efficiency; and assuring future energy supplies. Research outcomes include improved
menufecturing, increased reserves of domestic natural gas snd oil, improved envirenmental remedistion, lower cost of energy production end
distribution, and the addition of new highly skilled persormel to the Mation's work force. These deliversbles all contribute to the foundation
for @ susta!nable economy which I8 wise use of resources. The subprogram emphasizes research activities by individual investigators end small
interdisciplinary teams at the national laboratories and Universities.. An increasing fraction of the effort in this subprogrem features joint
reseerch projects involving partnerships between Nationat Laboratories, universities end industry, msking the resources of the Goverrment more
productive end more responsive to its citizens and businesses. Thig subprogram will have ‘an uaportant role in the new initiative on
EXVIRONMENTAL TECHNOLOGY PARTNERSHIPS. .

' 'Enslneerim research serves ss @ condult betueen basic science and epplicutlons-or‘lented research end development with the goals of malnteining

leadership in engineering end stimulating sustainable job grouth vhile protecting the environment. The engineering ectivity alms are (1) to
improve and advence our knowledge of processes underlying current engineering practice, and (2) to expand the store of fundamentel concepts for
solving anticipated and unforeseen engineering problems in energy technologies. Peer-reviewed topics eddressed include fundsmentals importent to
increasing energy efficfency, to identifying potential sustainable new energy production and util{ization processes, to edvanced manufecturing
science, end to mainteining high envirormental standards. Exsmples include multiphase flows (important to energy production end to waste :
menggement), instrumentation end control systems (important to intelligent systems for materisl processing and synthesis of high quality
marwfactured products, end for bioprocessing of fuels and energy-related wastes), and issues such as religbility end useful life prediction of
eging energy production and distribution systems (lmportant for economy, safety and environmental consideratiom). Recent activities emphasize
increasingly the investment in humen resources. . i

Geosciences resesrch provldes the foundation for environmentally scund, efficient, and economic use of the Earth's energy resources. 'lt also

provides the scientific basfs for .improved and innovative envirormentsl remed!ation technologies. The Geosciences goals are to: (1) develop new

date and concepts to improve our predictive understending of natural processes which control the origin end distribution of energy-related

rescurces, and (2) incorporate these date end concepts into a framework for snticipstion of the impact of human endesvors on natural processes

and the erwvironment. Progremmetic emphasis s on natural and conteminated fluids flowing in, end interacting with, porous end fractured geologic

media. Underlying principles end phenomena are of broad and general epplicability to: geologic disposal of redGoactwe end hazaerdous uaste; o ‘
geothermal energy utilizetion; improved recovery of oil snd gas; remedial action at contaminated sites; and in situ processing of coal and oil J
shale resources. The theme of common processes in natural and anthropogenic phenomena, though active over quite disparate spatial end temporal :
scales, provides a sound foundation for the development and implementation of energy end envirommental policies,

yL!
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Summary Table: Engineering and Geosciences

Progrem Activity

[ L L L L e R X R R Y

Engineering Research................'.........'.....

. Geosciences ReSearch..c.ceeercceccccareesccoacace

Total, Engineering and Geosciences

Argonne Natfonal Lab (East) .....cccceccvcenncnnes
Brookhaven Natfonal Leb ......cccevncveececeaccnss
1dsho Hational Engineering Lab ......cvcceennncns
Lawrence Berkeley Lab ....cccvcvvecccnccceancncsns
Lawrence Livermore Nationsl Lab ......ccc000eeene
Los Alamos Natfonal Laboratory ......iceeeccececes
Oak Ridge National Lab ......ccvceveesecaccacence
Pacific Northwest Lab .....ccoceecsconccnnsnasss
Sandis National Laboratorfes .........cccc0euue.e
ALl Other ..cccecreccscsnsnscecsesccanssancacasas

Tota!l, Engineering and Geosclences -

Laboratory and Facility Funding Teble: Engineering and Geosclences
Y

s 35,537

FY 1995
Adjusted

...........

s 39,953

n
n
n
n
fn
n
n
n
11
]

575
420

1,978

1,275
850

“ 1,025
2,250

600

1,000

...........

s 39,953
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S=REEISSsEng

$ 4,108
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Program Activity

_ Engineering and
Geosciences

activity Descriptions: (New BA in thousands of dollars)

Englneering Research Studies of sping and its mitigation in

energy related structures continued,
with gpecial attention being paid to &
better understending of the effects of
advenced materials processing on the
eventual mechanical properties and
performance of the structural
components. A statistical model of
sea-wave induced motion of offshore
structures has been developed for use
fn fatigue end aging studies. Those
studies include the spplication of
advences in the theories of dynamical
systems to modeling the aging of
structures. The search for simplified,
but realistic models of complex
processes such as fluid-flow induced
vibrations in heat exchangers and
chemically driven pattern formation
continued., Conditions for maintaining
the stabitity and effectiveness of
liquid films for repid hest removal are
under study. Support through
predoctoral fellowships was provided
for research on advanced manufacturing

" gerving as sn investment in humen’
' resources.

in the area of control systems and -
fnstrurentation, under the Advanced
Materials end Processing activities,
there is gn increasing research effort
on sppropriate instrumentation,
diagnostics, end relevant process
control methods. Studies of
propegation of solitons in fiber
optics, a means for enhancing
information transfer rates, are
proceeding as is research on high
critical temperature superconducting
devices. Forty industrial firms use
chemical process control software

In mechanical sciences, support is
meintained for peer reviewed resecarch
on edvanced manufacturing technologies,
providing for the maintenance of

.predoctoral fellowships addressing

basic energy-related probtems in
integrated manufacturing. The first
group of 12 fellows will greduate from
this program. Research on multiphase
flows will continue, as will work on
new concepts in radiative heat
trensfer. further improvements in
understending causes and evolution of
damege in and subsequent failure of
structures aré pursued, Special

.attention is paid to the effects of.

periocdic and random thermomechenical
loedings on the longevity of energy
related structures. Researchers are
strongly encouraged to extend their
contacts with industry end thereby
enhance technology transfer.

Studies in the area of control systems
end ingtrumentation continue with the
development of diagnostics and
instrumentation for sustainable
asdvenced materials processing, and for
bioprocessing of fuels and energy
related wastes. Further effort is
exerted in the general fietd of

intel ligent machines, and in particular
use of video signals will be explored
for the control and precise positioning
of end effectors on robotic arms.
Research on novel approaches to
measuring properties of fluid mixtures

In méhanical sciences, effort on

understanding the formation of foams
and their motion will continue.
Hixtures of ofl and gas will ‘form"
foams. The motion of such foams In a
porous medium, 8 typical oil and gas
wetl environment, differs from the
trensport of stretified ofl ond ges.
gfficient exploitation of & well mt .
taeke thogse differences into account.
thirty-six three-year sdvenced
manufecturing predoctoral fellowships
will be supported. Work on the
behavior of suspensions and slurries
importent to industrial processes snd
fossil energy trensport will be
supported. Studies of the
hydrodynamica of mixing in the boundary
(ayer witl proceed, This advenced
experimental and ‘theoretical study
should eventually help with -
understanding the pollutant dispergion
in the lower atmosphere. Studies uill
proceed on the flou of thin liquid

films in heat transfer systems.

The effort in the srea of controf
systems will include further expangion
of interactions with industry aiming et

- trensferring the basic knowledge to

practical epplications. Of special
interest are interacting autonomous
systems, and reconfigurable systems
which can adapt to cherging tasks and
enviromments. The interface between
biology and chemical process control
will continue to strengthen, aiming at
improving the practicality and economic
visbility of biological processes in
industrial and environmental



111, Engineering and Geoscieﬁces (Cont'd): -

Progrem Activity

Engineering Research
(Cont'd)

" dollars per year.

. computing systems.

* on goft substrates.
“for the University-fiational Lsboratory

developed under this program, saving
individual companies millions of
Chemical process
engineering research is increasingly
directed toward bicprocessing problems.
Topics in sutonomous intelligent:
machineg included related issues in the
fundsmentals of advanced manufacturing
and agile manufacturing such ss .
research on heterogeneous distributed
A novel mobile
pletform which combines rotation with
trenslatory motion eroused industrial
interest. and received the much sought

after IR100 eward.

Ho ectivity.

In engineering dsts and enalysis,
research continued on traensport of
energy through rendom media,
contributing smong other things to
improved models of cloud cover in
global climate studies. Concepts from
the field of serodynamics are applied
to new ways of depositing hard coatings
Support continued

colleborative research on plasms
processing of materials., Possible
direct communication paths among
wmembers of bacterial colonies are
studied together with the effect such

N

such as environmentally sound
refrigerents continues. :

Ho activiiy.

Peer-reviewed research topics in
engineering data and analysis include
charecterization of mixtures of fluids
important to secondary and tertiary oil
recovery, novel approaches to a better
understanding of turbulent flows, and
extension of wethods for modeling
hysteresis in a wide range of
engineering systems. Theories of wave
propagation in nonuniform media will be
epplied to improving the design methods
for nonimaging optical systems, such as
solar cotlectors, area illumination
systems, and various related consumer
products. Hon-linear methods for

applications, e.g., contributing to
SUSTAINABLE DEVELOPMENT by the
production of smino acids by
fermentation, coal and oil
beneficiation, and reduction of
envirommental demsge.

A new ENVIRONKENTAL TECHKOLOGY
PARTHERSHIPS inftiative in engineering
research will stress development of
basic information used in advenced
merufacturing and processing. The
cbjective i to insure that sdvenced
wagte minimization and control
technologies rest on @ sound
foundstion. The inftiative wuitl bufld
on the strong existing programs in
wechanical sciences, control systems,
end engineering enalysis.

Regearch in engineering data end
snatlysis will continue support for the
‘thermochemical data needed for the
separation of aquecus-hydrocarbon
mixtures, information that is needed
for industrial processes end for
envirommental cleanup. Advences in the
theory of non-linear systems will be
used to obtain simplified, but

real istic representations of complex
natural phenomena such as the seemingly
chaotic changes in river flow rates and
water levels in lakes. Studies of
enzyme activity in organic solvents and
at liquid-liquid interfaces will



. Engineering and Geosciences (Cont'd)}-

Progrem Activity

poths may have on adsptive control
systems for bicprocessing. A joint
University-Kationsl Leboratory project
continued to cherecterize the
rheological end trensport properties of
dense suspensions alongside related
individusl research projects.

" Ytitizetion of DOE. experimental and
computational facilities by outside
engineering researchers §s strongly
encouraged. -Fundamental research on
the response of bubbles in water to
sound excitetion has ted to novel
medical diagnostic techniques. A joint
project uith NASA s contributing to
innovative engineering education in
HBCUs.

Eng ineer{ ng Research
(Cont'd)

EPACT:

EPACT Section 2202 ‘
"National Advenced Hanufacturing
Technologies Initiative":

‘ The Besic Energy Sciences progrem
conducted research related to the goals
of EPACT in the srea of advanced
manufacturing technologies.

THVESTMENT:

Provided funding for edvanced materisls
and processing activities included in
the Pregident's FY 1994 Economic
investment Packege.

Funding in the amount of $241,000 and
$8,000 has been transferred to the SBIR
program and the STTR program,
regpectively.

$ 16,214

control of chaos in manufacturing
processes will be exploited.

EPACT:

EPACT Section 2202
"iiational Advanced Marnufacturing
Technologies Initiative:®

The Basic Energy Sciences program
conducts research related to the goals
of EPACT in the area of edvanced
manufacturing technologies.

IHVESTHENT <

Provides funding for continuation of
advanced materials and processing
activities included in the President's
FY 1994 Economic Investment Peckage.

Funding in the amount of $322,000 end
$16,000 has been budgeted for the SBIR

progrem and the STTR progrem,
respectively. ‘.

$ 16,622

2%

provide basic information.for the .
design of future bioreactors to be used
in the conversion, e.g., liguefaction
of coal in the Fossil Energy program.

EPACT: ;
EPACT Section 2202

"ational Advanced Maonufecturing
Technologies Initiative:®

"The Basic Energy Scliences program

condurts research related to the goals
of EPACT in the ares of advenced
manufecturing technologies.

IHYVESTIENT:

Provides funding for continusticn of
edvanced materiele end processing
activities included in the President's
FY 1994 Economic Investment Package.

funding in the smount of $368,000 end
$27,600 has been budgeted for the SBIR
progrem end the STTR program,
respectively. :

$ 18,402



111. Engineering and Geosclences (Cont'd):

Progfam Activity

Geosciences Research

Hineral-Fluid Interactions - Availsble
funds provided for a strong continuing
research program on mineral-fluid
interactions. Research emphasizes the
use of advenced instrumentation and
cepabilities for time-and
space-resolved studies of mineral
reactions in the presence of geologic
fluids. Use of synchrotron radiation
facilities at Stanford and Brookhaven
ere providing a base for future use of
new cepabilities at the 6-7 Gev
Synchrotron Rediation Source.
Instrunmentation of @ beam-line at the
Advanced Photon Source is being
provided vis a research consortium in
pertnership with the National Science
Foundst fon. .

" Scfentific Drilling - The Interagency

Continental Scientific Drilling Program
continued to evolve to a broader
research program involving the dynemics
of continental systems. The theme of
the cooperative, interagency (NSF,
USGS, DOE) effort is to develop
spproaches which better integrate
geologic and geophysical studies to
treat dynamics aspects of continentat
evolution as a whole, rather than.as 8
collection of disparste disciplinary
efforts. Research themes included
effects of catastrophic events, such as
meteorite impacts, on the face of the
earth, potential volcenic events, and
earthquakes in addition to ongoing
studies bearing on energy resources.
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Hineral-fFluid Interactions - The
appropriation provides for maintenance
of en effective research program on

basic rock, minerat and fluid
~ properties. Program support of

beam-line instrumentation at the
6-7 GeV Synchrotron Radiation Source
uill continue, as will use of
synchrotron radiation facilities st
Staenford and Brookhaven to study

- mineral-fluid reactions at the at the

atomic and molecular scale. The level
of effort in studies related to solar
physics, soler-terrestrial
interactions, and research directed
toward developing and understanding of

high-pressure-high temperature geologic

processes uill be reduced.

Scientific Drilling. - Dritling
activities under the Continental
Scientific Orilling Program will be
reduced to provide support for
gite-characterization studies needed
for future interagency scientific

“drilling projects. Current interagency

projects which involve proposed
scientific drilling at the Great
Bashamas Banks, atong the San Andreas
Feult zone, and the Chixchulub Impact
crater in Mexico, end in southern

California are being studied in the
.pre-dritling.mode. The U.S. .
Continental Scientific Dritling Program

is becoming 8 part of en international
scientific drilling progrem reflecting
fnterest and commitment expressed in
international scientific conferences
during 1993 and 1994.

79

Hineral-Fluid Interactions - The
request provides for a continued,
strong research program in
mireral-fluid intersctions at the
atomic end molecular scale. The
research will emphasize integration of
numerical and computationsi modeling of
reactions with data derived from
edvanced chemical charecterization

of reacting mineral surfaces. Research
effort will expend to use the 6-7 GeV
Synchrotron Radiation Source in
add